The conventional plasma recalcification test is improved by incubation of test plasma with Celite suspended in distilled water. This effectively activates factor XII and releases platelet factor 3, thereby markedly shortening the clotting time. The modified plasma recalcification test has several advantages that contribute to its usefulness as a general screening test for coagulation abnormalities. It is more precise and reproducible than any comparable test that assays a similar spectrum of coagulation factors.
SYNOPSIS
The conventional plasma recalcification test is improved by incubation of test plasma with Celite suspended in distilled water. This effectively activates factor XII and releases platelet factor 3, thereby markedly shortening the clotting time. The modified plasma recalcification test has several advantages that contribute to its usefulness as a general screening test for coagulation abnormalities. It is more precise and reproducible than any comparable test that assays a similar spectrum of coagulation factors.
The plasma recalcification test is an ideal screening procedure by which to evaluate the total coagulation mechanism. It assesses all plasma coagulation factors except for factor IV (ionized calcium) and it is sensitive to quantitative and qualitative changes in platelets (Caldwell, 1957) . In addition, it is simple and economical to perform. The one characteristic of the conventional recalcification test that limits its usefulness is its wide range of normal values (90-240 seconds). The disadvantages of an extended range of this magnitude are insensitivity to slight deficiencies of second stage factors and excessive consumption of technical time. We succeeded in shortening and narrowing the normal limits of this test. The modified procedure is described in this paper and its application as a coagulation screening test is presented. METHOD PRINCIPLE Test plasma is incubated with Celitel suspended in distilled water. The Celite activates factor XII while the distilled water implements release of platelet factor 3 into the plasma. The addition of optimal ionic calcium allows the coagulation mechanism to progress to completion. PROCEDURE 1 Venous blood is collected and immediately mixed with 0-I M sodium oxalate in the exact ratio of 9 parts of blood to 1 part of anticoagulant. (Citrate or E.D.T.A. may be used at similar molar concentration.) 2 Centrifuge slowly at 1,500 r.p.m. for approximately 10 minutes. 'John Manville, N.Y.C., N.Y. Received for publication 28 October 1966. 3 Incubate 0-1 ml. of harvested platelet-rich test plasma with 0-1 ml. of 1 % w/v Celite suspension in distilled water for at least six minutes at 37°C. (Proctor and Rapaport, 1961) were performed in duplicate on all specimens. Other coagulation tests were performed as indicated. A summary of the patients screened is shown in Table I group.bmj.com on January 6, 2018 -Published by http://jcp.bmj.com/ Downloaded from seconds sooner than fresh plasma. This is due to maximal platelet lysis following freezing. Reproducibility was good within four hours following collection, after which time unpredictable variables occurred. Table III compares the average clotting times of 10 random plasma specimens performed with and without distilled water and Celite. The study carried out using plain saline without Celite corresponds to the conventional plasma recalcification procedure (Caldwell, 1957) . Range 37-9-68-7 42-7-100-4 70-8-148-5 96-9-194-7 Figure I shows a curve resulting from the serial dilution of Diagnostic PlasmaR with normal saline, SEC. 1. This plasma-saline dilution curve follows the typical pattern seen in coagulation dilution studies. A straight line is assumed on log-log graph paper. While the minimal slope of the curve in the 50-100% range will obscure some low-grade factor deficiencies, latent bleeding states will almost always manifest sufficient factor depletion to give abnormal results.
while Fig. 2 shows the quantitative effect of platelets. Optimal calcium concentration was determined by the titration shown in Figure 3 . In all of these dilution studies reproducibility was group.bmj.com on January 6, 2018 -Published by http://jcp.bmj.com/ Downloaded from test indicated that the recalcification test was little affected by temperature change, while the latter assay showed variations up to five seconds. It was observed that incubation time was critical in the activated cephalin clotting test; however, the length of pre-incubation had little effect on clotting time in the recalcification test between six and 60 minutes. Beyond 10 minutes the clotting time seen in the cephalin clotting procedure extended.
The effects of haemolysis, chylomicra, and macroglobulins on the test system were negligible. Studies performed using added epsilon aminocaproic acid to neutralize fibrinolysins in test plasma (Ablondi, Hagan, Philips, and De Renzo, 1959) showed no adverse effect on the test procedure. Increased fibrinolytic activity may be detected by either or both of two methods: (a) visual observation of clot lysis (von Kaulla and Schultz, 1958); inversion of the tube containing the clot and observation for clot separation from the container (Thornes, 1963) . As little as 30 mg./100 ml. of fibrinogen will give visual clot formation.
If plasma is diluted 1 in 3 with distilled water before testing, a very sensitive assay of second stage factors can be made. Under routine clinical conditions this modification is unnecessary to detect potential bleeding situations.
The modified recalcification test was found to be sensitive to levels below 60% of first stage factors and 40 % of second stage factors. Studies on plasma from heparinized animals showed a typical circulating anticoagulant effect by the titration technique (Conley, Hartmann and Morse, 1949) using the modified recalcification system.
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The results of 315 screening tests are shown in Table I . These were performed over a 12-month period on selected patients. Significant platelet abnormalities were always detected by the recalcification test and were generally missed by the cephalin clotting test. Over 80% of patients on coumarin therapy gave elevated recalcification times while fewer than 50 % of these were abnormal by the cephalin clotting test. With rare exceptions, the recalcification test showed a greater degree of abnormality than did the cephalin test.
DISCUSSION
By implementing factor XII activation (Ratnoff and Rosenblum, 1958) and platelet factor 3 release (Ulutin and Karaca, 1959; Lovric and Margolis, 1964) , the plasma recalcification time is markedly shortened. This shortening of the clotting time gives greater sensitivity in evaluating all clotting factor deficiencies than the conventional recalcification method.
The sensitivity of the modified recalcification test system to quantitative and qualitative platelet abnormalities and its precision in assessing these abnormalities makes it possible to assay a broader spectrum of disease than the cephalin clotting test can detect. Although the cephalin clotting method is supposedly unaffected by platelet content, endogenous platelet factor 3 does, indeed, shorten the clotting time to the detriment of consistent results. It was also observed that phospholipid of animal origin gave shorter clotting times than vegetable phospholipid. These variables and inconsistencies of the artificial system would indicate that a physiological system employing the patients' own platelets to supply platelet factor 3 is highly desirable. The cephalin clotting test also fails to detect factor VII deficiencies. These considerations, plus the experimental results, would support the modified recalcification procedure as a general screening test of the coagulation system. When compared with the screening methods in current use (Caldwell, 1957; Hardisty and Macpherson, 1962; Nye, Graham, and Brinkhous, 1962; Lovric and Margolis, 1964; Hattersley, 1966) , this broad-spectrum test appears to have considerable advantages.
In addition to its value in general screening, the modified plasma recalcification test may be used with facility and -precision in all procedures employing the conventional recalcification test. It may be used to detect and titre circulating anticoagulants; it lends itself to substitution studies to identify deficient factors; and, it may be used to estimate crudely fibrinogen and fibrinolysin levels. Preliminary work indicates that the test is sufficiently sensitive to qualitative platelet disorders to permit semi-quantitation of thrombocytopathies and thrombasthenias (Ulutin and Karaca, 1959) .
False positive results are occasionally encountered in normal people. Almost always subsequent studies have shown these to be due to artifactually diminished platelets, resulting from faulty collection of blood or from excessive centrifugation. A high percentage of 'false' positives (5 %) persisted in coumarin-anticoagulated patients who had normal prothrombin times. Two of these were studied in depth and shown to have limiting factor IX. False negative results are seen in low-grade, second-stage factor deficiencies. These second-stage deficiencies were also missed by the cephalin clotting test.
Although the FibrometerR was used in this study to record the coagulation end point, manual methods will give comparable accuracy. The concentration of the Celite is not critical. Celite gives more precision than kaolin, due to the characteristic of Celite to stay in suspension.
Capillary and venous blood was collected from approximately 50 normal people and tested by the modified recalcification procedure. Capillary plasma clotted on the average three seconds sooner than venous plasma despite the fact that capillary blood was shown to be lower in both platelets and fibrinogen. This shortening was assumed to be due to tissue thromboplastin contamination. It is felt that capillary collection may be employed in special situations in which venous blood is unattainable, but that better accuracy is achieved by using venous blood.
